In this note we outline the Monte Carlo project KrkMC. The goal of this project is to construct a QCD Parton Shower accurate to NLO level in both coefficient function and splitting function (shower) parts. We discuss in detail one of its aspects -the evolution kernels. The kernels had to be recalculated in a new regularisation scheme, called NPV. In this scheme all the singularities in the plus component of the integration momenta are regularised by means of principal value prescription. This is in contrast to the standard approach, in which only the spurious axial singularities are regularised by principal value. As a result, the triple poles in the dimensional regularisation parameter ε are replaced by a combination of ε-poles and logarithms of geometrical cut-off δ . The resulting exclusive parton densities are more suitable for stochastic applications in four dimensions. Simultaneously, at the inclusive level, the standard and new prescriptions give the same results provided appropriate real and virtual contributions are added.
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Introduction
Recently the LHC collaborations managed to demonstrate that Higgs boson decays to fermions are as predicted by the Standard Model [1] . These results mark the onset of the era of "precision Higgs physics" [2] , already before the beginning of LHC Run 2, scheduled for early 2015. Such spectacular experimental results call for adequate theoretical tools for stochastic simulations of pp collisions, ultimately to NNLO accuracy. The development of Monte Carlo parton showers started in the mid 1980-ies with the (improved) LO shower and hard processes [3, 4] . It took almost twenty years, until the mid 2000-s, for the next step: hard processes upgraded to NLO precision, while retaining the LO shower [5 -7] , and this is the present day state-of-the-art solution. For comparison; the analytical inclusive results reached the NNLO precision ten years ago [8 -11] .
The KrkMC project
There are a number of promising ideas on how to improve the precision of parton showers [12 -17] . We will focus here on the KrkMC project, developed in Kraków [18 -23] . Its goal is to propose a new, complete scheme of NLO shower and NLO hard processes. Let us outline briefly its major features. It is based on collinear factorization [24 -27] , which provides a solid field-theoretical basis. Of course, the collinear factorization is "inclusive"; the transverse degrees of freedom are integrated out. Therefore the new scheme requires:
• Reformulation of collinear factorization theorem in a fully exclusive way.
• Recalculation of the evolution kernels: in an exclusive way, in four dimensions, with well defined relation to MS kernels.
• Construction of kinematical mappings to the true phase space without any gaps or overlaps.
• Formulation of reweighting procedure, reasonably convergent, with positive weights.
As an illustration, let us present a general formula used as a basis of the new NLO scheme; both for the case of upgrading hard matrix elements as well as showers. We show the formulae in a schematic way and we refer to [18, 28] for details. In both cases, the starting point is the LO Monte Carlo, that we represent symbolically as (only one hemisphere, B -backward, is shown)
where the ρ function is the LO distribution. The inclusion of the NLO correction to the hard process is done by means of a simple weight
and
is the IR-and collinear-finite real emission part and ∆ V +S is a constant virtual+soft correction. The inclusion of the NLO C 2 F -type corrections in the shower is also done by means of a simple weight
The double sum represents summation over the whole cascade of the real-real corrections W that depend on two four-momenta, see [28] for details. The single sum of β 0 -functions corresponds to real-virtual contributions. The rest of this note will be devoted to calculation of these real-virtual contributions to the Pkernel, see also [29 -32] .
PV prescription
In the collinear factorization the use of the axial gauge is instrumental. It leads to a transparent physical picture of the evolution and allows for its interpretation in the language of the parton shower. On the other hand though, the axial gauge introduces spurious (unphysical) singularities at the intermediate steps of the calculations. Namely, the gluon propagator has the form
where n is the light-like gauge vector and the denominator 1/nl is the source of the spurious singularities. Of course, once the full set of diagrams is taken into account these singularities must cancel due to gauge invariance. However at the intermediate steps they need regularisation. The traditional approach [26, 33 -35] is to use the principal value prescription:
As discussed in [26] this prescription is more like a "phenomenological rule" than a theorem in QFT. A rigorous prescription has been proposed in [36, 37] . It uses two auxiliary vectors, n and n . However this scheme is difficult in practical calculations [38, 33, 34] and, due to "ghosts", it is not suitable for stochastic applications 1 .
New use of PV prescription
Separate contributions to the NLO non-singlet kernels calculated in the PV prescription have 1/ε 3 singularities in dimensional parameter ε = 2 − d/2, see [26, 33, 34] . Only once the real-real and real-virtual graphs are combined, these singularities cancel. This situation is not acceptable for the Monte Carlo applications, which must be done in four dimensions. Therefore in [28] , we performed a calculation of the real-real contributions in a modified PV scheme in which the 1/ε 3 poles 1 The concept of linear denominators, 1/(nl ± i0), has been used also in NNLO calculations of rapidity distributions of EW bosons [39] in the context of introducing the Dirac-delta constraint via formula:
were replaced by (1/ε) ln 2 δ terms. In order to fully define this New PV (NPV) prescription we had to discuss the real-virtual corrections as well [40] . Based on these results we have formulated the new prescription as follows:
• Standard PV: regularise only the gluon propagator with PV, regularise all other singularities in (+)-components of integration momenta with dimensional regularisation:
• NPV: use PV to regularise all singularities of the integrand in (+)-components of integration momenta, both real and virtual, keeping higher order terms in ε as needed:
The motivation of this approach is the following. All (+)-singularities cancel in the final expression (kernel) [24, 25] . Therefore it is justified to extend the "phenomenological PV rule" of CurciFurmanski-Petronzio, which is based on analogous cancellation of "spurious" singularities in the final expression. There is one significant consequence of the new scheme: now all the integrals, including the non-axial (Feynman-type) ones depend on the axial vector n (via the products like nq ≡ q + ). Consider for example the three-point scalar integral with kinematics p 2 = (p − q) 2 = 0:
In the standard PV prescription we obtain:
whereas in the NPV prescription the result is more complicated:
Note, that the singularity 1/ε 2 has been replaced by (1/ε) ln δ and ln 2 δ .
Exclusive contributions to P qq kernel
In this section we will present the exclusive real-virtual NLO contributions to the evolution kernel P, obtained in the NPV scheme. Let us start with a brief reminder on how the kernels are calculated. The main idea of collinear factorization is that the contributing graphs can be grouped in a ladder-like structure of objects, K; which are "two-particle-irreducible" (axial gauge is instrumental here). In the LO approximation the K are just single emission graphs and the whole structure is a genuine ladder. At the NLO level, among others the real-virtual-type graphs contribute to K, see Fig. 1 . The (generalized) ladder is then cut into pieces by means of appropriate (c) : Figure 1 : Real-virtual contributions to NLO non-singlet Pkernel projection operators, which extract the singular parts of K. In the case of fermions it is done simply by inserting the / n matrix and taking the trace:
The / n matrices are represented by the black dots on top of lines in Fig. 1 . The / p matrices closing fermion lines from below are not shown. In this way we obtain the non-integrated partonic density W N . In the next step the integral over virtual loop momenta hidden in K is performed and the renormalisation procedure is carried out. Finally we end up with the exclusive (renormalized) partonic density W R , which depends on the four-momentum k of the real emitted parton. Once the real phase space dΦ(k) is integrated out we obtain the standard inclusive parton densities,Γ. The evolution kernel Pis then related toΓ as follows (up to terms proportional to δ (1 − x)):
Let us now present the complete exclusive partonic densities W R for the non-singletcase in the NPV scheme corresponding to Fig. 1 . We group them in two color structures: C 2 F and C F C A plus C F T F :
where q = p − k is the momentum of the virtual quark after real emission. As one can see the double poles in ε vanished, or more precisely, have been replaced by the ln δ -type terms. This is the main difference with respect to the results in the standard PV scheme known from the literature, and it makes these results "Monte Carlo friendly". can be further integrated over the remaining oneparticle phase space. In this way one obtains the inclusive densities, and hence the standard NLO evolution kernel P. We have verified that in the NPV scheme we reproduce the MS kernel Pfrom the literature. Moreover, the inclusive NPV results agree with the PV ones also on a graphby-graph basis, provided the real-real and real-virtual components are added. This forms a strong cross-check of our scheme. Complete results in the NPV scheme, for each graph separately and both exclusive and inclusive, can be found in [30] .
The Axiloop package
In order to facilitate symbolic calculations in the axial (light-cone) gauge we have written a Mathematica package named Axiloop. It is primarily oriented around automated calculation of the NLO kernels. The code is publicly available at http://gituliar.org/axiloop/ Let us list the main features of this package:
• Contains a library of integrals (scalar, vector and tensor), in PV and NPV prescriptions.
• Performs one-loop integration and renormalisation (keeping track of the UV and IR poles).
• Performs one-particle final-state integration.
• Provides auxiliary routines, e.g. for Passarino-Veltman reduction. As an output one can obtain all mentioned earlier types of density functions (not integrated, bare, exclusive renormalized, inclusive as well as counter-terms).
Summary
We presented the status of the KrkMC project of constructing QCD Parton Shower in which both the hard matrix element and the shower are upgraded to NLO precision level. We briefly outlined the strategy of the upgrade, and then we discussed in detail one of the components; the evolution kernels that had to be recalculated in a new way.
We presented calculation of all NLO real-virtual one-loop components of the non-singlet Pkernel in a new, MC-friendly, regularisation scheme, both in inclusive and exclusive forms. The new scheme is based on modified usage of the PV prescription in the light-cone gauge: it applies PV regularisation to all the singularities in the plus component of the integration momenta.
In the NPV prescription the inclusive NLO kernel Pagrees with the standard PV one. However, separate real-real and real-virtual contributions differ in PV and NPV: the 1/ε 3 poles, present in PV, are replaced by (1/ε) ln 2 δ etc. As a consequence, in the NPV scheme no cancellation of 1/ε 3 terms between real and virtual components occurs. Moreover, most of the real graphs are free of higher order poles and due to that can be calculated in four dimensions and can be used for the stochastic simulations.
